Some of the workers in the dustier parts of a cotton mill (card-and blow-rooms) develop byssinosis. They experience tightness of the chest and breathlessness on Mondays or on the first day at work after an absence; these symptoms come on gradually, reaching a peak during the afternoon or early evening. In the early stages (Grade I) the workers feel quite fit by the next day; in the more severely affected the symptoms persist on Tuesdays, and even throughout the week (Grade II). Finally, disability may become permanent and severe (Schilling, Hughes, Dingwall-Fordyce and Gilson, 1955) . In this study it was also shown that the ventilatory capacity of the lungs was related to the degree of byssinosis and was lower than in normal controls; in those with byssinosis it was also lower on Monday than Thursday.
The present work was done to study in more detail the short-term effect of mill dust on respiratory function, and to find which simple respiratory test was the most sensitive measure of this effect. We thought that measurement of the change in ventilatory capacity over one day might prove preferable to a comparison between Monday and Thursday by being less affected by variations in weather and other extraneous influences.
In Part I detailed studies on 12 mill workers with clinical byssinosis revealed a consistent pattern of change of ventilatory function within a single day, and in Parts II and III evidence has been obtained that these effects are specific to mill dust.
METHODS

Ventilatory Capacity
Ventilatory capacity was estimated from the volume expired in 0-75 second during a forced expiration, using an apparatus similar to that described by Gaensler (1951) but modified so that the timing cycle starts after the expulsion of the first 100 ml. of air. This reduced the error arising from differences in abruptness of starting expiration. The volume measurement was accurate to ±1-5% and the timing to ±2-0%. The mean of three results following usually two practice attempts was taken, and multiplied by 40 to give the indirect maximum breathing capacity (indirect M.B.C.) shown by Kennedy (1953) to be highly correlated with and numerically similar to the maximum voluntary ventilation (M.V.V.). The physiological nomenclature is that agreed by a group of physiologists (Gandevia and Hugh-Jones, 1957) .
The pneumotachogram was recorded using a large Lilly type flowmeter (Lilly, 1950) in which the differential pressure across a 4 in. diameter screen was measured by a capacitance manometer and recorded on a pen recorder. The system gave a linear response with flow rates up to 1,000 1./min.
The following measurements were made from the pneumotachograph records:-(I) The peak expiratory flow during single forced expirations;
(2) the peak inspiratory and expiratory flows during voluntary hyperventilation; (3) the maximum voluntary ventilation (M.V.V.) by integration of six breaths during hyperventilation.
The mean of two sets of three maximal expirations from full inspiration was taken to obtain the peak expiratory flow, and these were followed after a short rest by two sets of five maximal inspirations and expirations done " as deeply and as quickly as possible ". All subjects chose breathing rates over 60 breaths per minute. The last three breaths from each set were averaged to provide the peak inspiratory and expiratory flows during hyperventilation (peaks maintained over 10 m.sec.) and also the maximum voluntary ventilation.
Flow Resistance
The flow resistance of the lungs has two main components: (1) the resistance of the bronchial tree to the movement of air; (2) the frictional resistance involved in the movement of lung tissue.
Measurement of resistance requires simultaneous recordings of air flow and pressure, and the latter presents the greatest difficulty. The only method suitable for use in the present investigation was the " interrupter technique ", described originally by Neergaard and Wirz (1927) and elaborated by Vuilleumier (1944) . This the second pressure, P2, that necessary to maintain the same flow through the lung airways (RL) and the external resistance, hence P2 -P1 is the pressure necessary to maintain the flow through the airways.
Therefore, P2 -P1 = RLQ"
from (I) method is based on the knowledge that the volume of air in the alveoli is very large compared with that in the airways, hence, if during respiration the airflow at the mouth is instantaneously interrupted (for example, by a rapidly closing shutter in the breathing tube) pressure equilibration will take place throughout the lungs and the mouth pressure will rapidly rise to a value very close to the alveolar pressure before interruption. The resistance of the lung airways can be calculated from the air flow immediately before interruption and the "interrupter pressure". This technique was further simplified by Ainsworth and Eveleigh (1952) , who designed a very ingenious instrument, using an external resistance to eliminate the separate measurement of air flow, and this principle is used in our instrument.
The subject breathes out at a constant flow rate Q (I./sec.) through the external resistance RE (Fig. 1 ) and the pressure difference P1 (cm. H20) is continuously recorded with a pen recorder.
Hence, P1 = REQ-(1) (where n = 1-66 and expresses the degree of turbulence in the external resistance and lung airways, and the pressure drop across RE is 7-3 cm. H20 at 1 1./sec.).
The air flow is then interrupted and the recorded pressure rises rapidly to the approximate alveolar pressure, P2. The first pressure, P1, is that necessary to maintain flow through the external resistance alone, and RE is a constant and its value is known, therefore from the measurements ofP1 and P2 the lung airways resistance, RL, can The indirect M.B.C. was measured first and this was followed after a rest of about two minutes by the pneumotachograph records. After a further short rest, the A.W.R. tests were done.
Results.-The results are as follows:
(1) Indirect Maximum Breathing Capacity.-The average changes in indirect M.B.C. during the day for the first four days of the week in those with Grade I and Grade II byssinosis are shown in Fig. 2 , and for each subject on Monday and Thursday in Table 2 . There is a nearly linear fall of M.B.C. hours of starting work. In normal subjects little change in ventilatory capacity would be expected after adrenaline (Gilson and Hugh-Jones, 1955 ). On Monday the mean indirect M.B.C. of the group fell from 68-2 1./min. to 53 2 l./min. during the day's work but returned again to 65-6 l./min. after the adrenaline inhalation, and this was accompanied by subjective improvement in some subjects. On Friday the initial reading at 9.30 a.m. was 62-2 1./min. and the inhalation raised this to 67-8 1./min. The rather low initial reading suggested that some bronchospasm was already present, confirming the trends during the week seen in Part I. Cotton-workers without Byssinosis.-Twelve cardroom workers from the same mill as those already described, and of similar ages and working conditions but without any symptoms of byssinosis, were seen three times on a Monday. Six showed a fall of ventilatory capacity, one a rise, and five little change during the day. Table 5 gives the mean results together with those for the subjects with byssinosis over a similar period of time for comparison. A small fall of 4-8 I./min. (6-0%) occurred which is not statistically significant (0-1 > P > 0-05). The fall is less than half that seen in those with byssinosis.
The airways resistance was measured in 10 cottonworkers without byssinosis ( Three were not examined radiologically. Table 7 gives the average change of indirect M.B.C. '.Jielen (1957) .
PART IH A Card-room Population before and after Dust Suppression In another mill (mill B) which had a high prevalence of byssinosis in its card-room workers (37% in the two grades of byssinosis), vacuum dust extraction of a new type developed by the Shirley Institute (Ministry of Labour and National Service, 1957) was about to be installed on each carding engine. We therefore decided to see whether improvement in dustiness could be detected physiologically.
Clinical assessments of one card-room population were made and over 90 % of the population agreed to cooperate in the initial studies during a Monday before the installation of the dust suppression equipment. Ten months later and three weeks after the completion of the installation there were 39 of the 51 card-room workers originally examined still at the mill. The same tests were repeated by the same observers. The total dust concentration at the time of the first survey was 4-6 mg./m.3 and during the second after dust suppression 2A4 mg./m.3 Table 8 shows the average change in indirect M.B.C. in all 51 subjects, and in A.W.R. in 27 at the time of the first survey related to byssinosis grade. In contrast to the finding in mill A where the subjects were selected on the basis of having undoubted byssinosis Grades I and II, or of being quite free from symptoms, there is in mill B an average fall in M.B.C. and rise of A.W.R. not closely related to clinical assessment of the severity of byssinosis. The changes in the groups as a whole are, however, significant (P 0-001 in the M.B.C. and 001 > P > 0005 in the A.W.R.).
In this comparatively large group, it is of interest to relate the absolute change in M.B.C. during the day to age. The relation appears extremely poor. The correlation did not approach significance (r < 02). Table 9 gives a comparison of the changes on a 
The change during the day before dust suppression is significantly different from the change after dust suppression in both tests (P < 0-05 in the M.B.C. and P < 0-01 in the A.W.R.) % Change -7 9% -8-2% -9 3% +39-1% +20-8% +29-8%
The changes during the day are significant (P = 0.001) in the M.B.C. of the whole group of 51 subjects and in the A.W.R. (0-01 > P > 0-005) in the group of 27 subjects examined.
Monday before and after dust suppression in those subjects examined on both occasions. It can be seen that there is now less than half the change in the indirect M.B.C. and the change of airways resistance during the day has altered from a rise of 36% to a fall of 2%. These differences on the two occasions are significant (P < 0-05 (Prausnitz, 1936) that the pathological changes specific to the disease are thickening of the alveolar walls from irritating soluble proteins in the cotton dust, but the reversible physiological effects which we have found cannot be ascribed to this pathology. Some of the subjects showing the largest change of airways resistance have also been hoarse towards the end of the working day, which further indicates that the active substance may be affecting the upper respiratory tract.
Choice of Tests
The indirect M.B.C. was the most stable test and showed the most consistent change with the duration of dust exposure (Fig. 2) , although the maximum voluntary ventilation derived from the integrated pneumotachogram showed a slightly greater fall during the day in those with byssinosis (Table 3) . However, we did not choose this test for the studies in Parts lI and II1 because it requires more effort from the subject and its analysis is much more laborious. The peak expiratory flow rate on a single breath was unsatisfactory because of its variability from reading to reading, and its tendency to increase during the week to values higher than the initial one on Monday. Although the interrupter method of measuring the airways resistance may include a part of the tissue viscous resistance as well as the air flow resistance it was used as the only method at present possible for application in the field. The test also has the great advantage that as it requires no maximal effort on the part of the subject, it is most unlikely to be affected by Similar changes were observed in a complete card-room population but the relationship of the change to the grade of byssinosis was less clear cut.
The peak expiratory flow on forced expiration, and the inspiratory and expiratory peak flows on hyperventilation showed similar but less consistent changes.
Removal of subjects from the card-room prevented the changes. Also, 39 workers in another card-room studied before and after the installation of dust suppression equipment showed that reducing the dustiness reduced the fall of ventilatory capacity.
A group of coal-miners was examined before and after a shift on a coal-face where the dust concentrations were about four times as high as those in the card-room. There was an average small rise in M.B.C. and a fall in A.W.R. which contrasted sharply with the findings in cotton-workers.
We conclude that there is a pharmacologically active constituent in the mill dust causing the
